Introduction
Human T cell leukaemia/lymphoma viruses types I and II were identified in the early 1980s 1 2 ; serological tests for these retroviruses became available in 1986. 3 Infection with the virus is associated with tropical spastic paraparesis, 4 adult T cell leukaemia/lymphoma, and some inflammatory disorders. 5 6 The virus is primarily sexually transmitted, 7 but it may also be transmitted from mother to child either perinatally 7 or through breast feeding. 8 9 The virus may also be transmitted through blood transfusions. 10 Japan began screening blood donors for infection with the virus in 1986. 11 Similar screening was introduced in the United States in 1988 and in France in 1991. Screening also occurs in Canada, Holland, Australia, Finland, Denmark, Portugal, Greece, and Luxemburg.
In Sweden, after a pilot screening of blood donors in 1993 the National Board for Health and Welfare decided to test all blood donations for one year starting in March 1994. We present an analysis of the cost effectiveness of this screening programme.
Subjects and methods
Blood donation-National data on blood donors and donation practices were obtained from the Swedish Society for Transfusion Medicine and the National Board for Health and Welfare. Before registering for their first blood donation potential donors complete a written questionnaire and are interviewed to assess possible risk factors for infectious diseases. All blood donations are tested for HIV, and hepatitis B and C; only the first donation is tested for syphilis.
Recipients of transfusions-There are no detailed national data on the recipients of blood transfusions. A pilot study was done at the blood bank at South Hospital which serves several other hospitals in the region. Data on 255 randomly selected patients who had received blood components during February 1992 were collected; this data included the age of the patient, survival time after transfusion, and which blood components were received.
National screening programme-In March 1994, a national one year programme to screen every blood and plasma donation for the human T cell leukaemia/ lymphoma virus was launched. Screening tests were performed at blood banks, local microbiological laboratories, or regional virological laboratories. Commercially available enzyme linked immunosorbent assays were used. The assays were performed according to the manufacturer's instructions. Positive tests were confirmed by western blotting, according to guidelines issued by the World Health Organisation and the HTLV European Research Network. 12 13 Western blotting was performed in regional virological laboratories or at the Swedish Institute for Infectious Disease Control. All laboratories used Diagnostic Biotechnology HTLV-blot 2.3 (Diagnostic Biotechnology, Science Park, Singapore) for confirmation. For a test to be classed as positive by western blotting, two envelope bands and at least one core band had to be positive. Any other reactivity was classified as indeterminate. All except one of the samples that tested positive by western blotting and several of those classed as indeterminate were also tested by polymerase chain reaction at the Swedish Institute for Infectious Disease Control.
14 Blood from donors with two samples that tested positive by enzyme linked immunosorbent assay was not used even when the tests were not confirmed by western blotting. Donors whose samples were confirmed as positive were informed at the blood bank and referred to a specialist in infectious diseases. The total number of screening tests performed and the number of those with positive results were reported to the Swedish Institute for Infectious Disease Control.
Retrospective study-A decision to trace patients who had received blood components from donors confirmed to be infected with the virus was taken by the National Board for Health and Welfare in 1994. Patients who had received such transfusions were contacted and offered testing. This retrospective study was possible because the blood banks keep records not only of all donors and recipients of blood components but also because we had access to the national census file on all living and recently deceased Swedish citizens.
Cost effectiveness analysis-Cost effectiveness analyses were used to estimate the costs of screening under three different models. The calculation of costs included actual laboratory costs for the screening and necessary confirmation procedures. Costs of the sociopsychological effects of the screening and for counselling donors who had positive or indeterminate test results were not quantified and are not included in the calculations. The calculation of the benefits of screening (in terms of the morbidity and mortality that were prevented) were based on estimated risks of transmission, disease, and the survival rates of patients in our pilot study who had received transfusions. Transmission risks were estimated from published information 15 16 and our own retrospective study. The risk of developing the disease and the risk of dying as a result of being infected with the virus were estimated from limited published information.
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Results
Blood donations and transfusions
About 235 000 people donated blood or plasma during 1994; this total included about 34 000 new donors. Blood donors provide an average of 1.88 donations each year for 10 years. During 1994 they donated 444 000 units of whole blood and 209 000 kg of plasma for fractionation; these donations accounted for 522 000 transfusions of erythrocyte concentrates, platelet concentrates, and plasma units. One donation was equivalent to 1.18 transfusions. The data from the pilot study in South Hospital were in accordance with the overall profile in Sweden (one donation was equivalent to 1.23 transfusions).
Recipients of transfusions
The 255 patients who had received transfusions in the pilot study in the Stockholm area had a median age of 70 years; 34 (13%) were younger than 40. The patients received from 1 to 15 units (mean 2.5) during the month of the study. A total of 492 (78%) out of 635 units transfused were erythrocyte concentrates, 21 (3%) were platelets, and 122 (19%) were plasma. The survival rate of all patients who received transfusions was 67% (172/255) at 1 year and 49% (125/255) at 3 years. One out of 10 patients was both younger than 40 and survived for at least 3 years and we therefore assumed that they had a possible life expectancy of more than 30 years.
Screening programme
A total of 648 497 donations were screened for the virus; 1625 (0.25%) samples tested positive by enzyme linked immunosorbent assay. Six donors were confirmed as positive by western blotting; all had the type I profile. Five of these donors were confirmed positive by polymerase chain reaction. About half of the samples that initially tested positive had indeterminate profiles when tested by western blotting. In a subset of 571 samples that repeatedly tested positive by enzyme linked immunosorbent assay 280 (49%) were classed as indeterminate when western blotting was used. All of the 272 indeterminate samples later tested by polymerase chain reaction were negative. No donor was infected with type II virus.
One donor who tested positive had been detected during the pilot study; thus, seven potential donors (two men and five women) tested positive for the virus. The prevalence of infection with the virus among blood donors in Sweden was therefore 2/100 000. Three of the infected donors were of Swedish origin and had no risk factors that would have led to their exclusion from blood donation before testing. The remaining four were originally from Denmark, the United Kingdom, Iran, and Chile. The calculated prevalence for donors born in Europe was 1.3/ 100 000 and for donors born in Sweden 1/100 000.
Retrospective study
In total 95 patients were identified as having received blood components from the seven donors who tested positive. A total of 41 (43%) recipients were alive and 35 were available for testing. Three of them tested positive (table 1) .
Cost effectiveness analysis
Three models were considered in the cost effectiveness analysis; they were assumed to have been implemented after all previously registered donors had been tested. The first model analysed the cost of continuously testing all donations; the second model analysed the cost of initially testing new blood donors and then retesting them after five years; and the third model analysed the cost of testing donors only at the time of their first donation.
The cost of testing every donation was 18 times higher than the cost of testing only new donors. The cost to prevent one transmission of the virus was 15 times higher when all donations were tested when compared to testing donors only at the time of their first donation. These estimates of the cost effectiveness of the three models are summarised in table 2.
Only one additional positive donor would be discovered every seven years when there is a change from the third model (only new donors tested) to the first model (testing all donations); this would cost an additional $2.85m (£1.78m) each year. Testing all donations would prevent 0.24 (1.59 − 1.35) transmissions each year or one transmission every four years. Screening would prevent about one death in 200 years, irrespective of which model is used. Moving from the third model (only new donors tested) to the first model (testing all donations) would prevent one death every 13 years. The incremental costs would then be $3.6bn (£2.25bn) for each death prevented. Moving from the third model (only new donors tested) to the second model (initial testing of new donors and then retesting them after five years) would incur additional incremental costs of about $400m (£250m) for each death prevented.
Discussion
Prevalence of infection
The prevalence found among blood donors in Sweden (2/100 000) was similar to that found in Denmark 17 and the Netherlands. 18 The slightly higher prevalence found in the United Kingdom (5/100 000 19 ) and France (7/100 000 20 21 ) may reflect a higher proportion of donors who originally came from an endemic area, such as the Caribbean, or a greater likelihood of having 13 This is in contrast to a study in the United States where almost half of the donors who tested positive for human T cell leukaemia/lymphoma virus were infected with type II.
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Laboratory testing
We assumed that no donor infected with the virus escaped detection since enzyme linked immunosorbent assays have high sensitivity. 23 In our study, samples that were positive when tested by enzyme linked immunosorbent assay were tested by western blotting for confirmation. Samples that were positive by western blotting also tested positive by polymerase chain reaction. However, no samples that were classed as indeterminate by western blotting were positive when tested by polymerase chain reaction. This is consistent with previous studies that found that samples classed as indeterminate only occasionally tested positive by polymerase chain reaction. 18 24 25 False positive results with the enzyme linked immunosorbent assay were found in 1 out of 400 donors, giving an overall specificity of 99.8%. This is similar to findings in Holland. 18 We believe that the chance that our study failed to detect a donor positive for type II virus is low; the screening assays mainly were based on type I whole viral lysates and thus relied on cross reactivity for detection of type II virus. Our own evaluation of the type I derived assays has shown 85% to 100% sensitivity for type II virus (S Andersson, unpublished data).
Half of the samples that were positive on initial screening were classed as indeterminate by western blotting. We believe that these findings represent technical artefacts, although they could represent reactivities to other infectious agents that are as yet unrecognised or seroconversion of samples from people who had recently become infected. The large number of samples that tested positive at the initial screening and were classed as indeterminate by western blotting was a result of the large total number of donors screened. All donors who repeatedly tested positive by enzyme linked immunosorbent assay were excluded from making donations. Every year about 80 newly recruited blood donors are expected to be banned from further blood donation. The costs of screening include the psychological stress caused to donors because of learning potentially worrying information and the costs to the laboratories and blood banks in additional work. Improvements in screening tests may minimise these problems.
Transmission
Thirty five patients who received blood components from donors who tested positive for the virus were tested. Three were positive; none of the three had any risk factors for infection other than the blood transfusion. This indicates that they became infected at the time of transfusion. Almost half of the patients who had received blood components from donors who tested positive for the virus had already died, since most of them had been transfused several years before the study. We have no reason to believe that infection would result in an increase in early mortality and an underestimation of transmission.
We found an overall risk of transmission of 9%. Recent studies have found risks of transmission from whole blood to be 13% 15 and 27%, 16 and older studies have found up to a 63% risk of transmission. 10 The lower current risk probably reflects improved separation methods and increasingly efficient removal of white blood cells, where the virus is normally found. 26 Infectiousness also depends on the length of time the blood is stored; there is little transmission of the virus after 10 days in storage. 16 The amount of time blood components are stored varies between blood banks and at different times of the year. Platelets must be transfused within five days of collection and are likely to pose a relatively high risk of transmission. Theoretically the risk of transmission should decrease if blood components are transfused only after being stored for 10 days. However, waiting 10 days before using blood components could lead to problems such as an increased risk of haemolysis, increased storage costs, shortened half life of transfused red blood cells, and reduced access to donated blood.
One transfused patient who received plasma tested positive for the virus. This was unexpected since plasma normally contains only a few white blood cells and is often stored for a longer time than other blood components.
Cost effectiveness
An analysis of the cost effectiveness of screening should take several variables into account, such as the prevalence and incidence of infection in the population, the risks of transmission, the mortality and morbidity of those infected with the virus, and the expected survival rate of patients receiving blood components from donors infected with the virus.
The calculation of the expected seroprevalence of human T cell leukaemia/lymphoma virus types I and II in new blood donors was based on the prevalence in donors who did not come from endemic countries. 16 A more strict assessment of donors has been introduced in Sweden and potential donors from areas endemic for infection with HIV, human T cell leukaemia/ lymphoma virus, or hepatitis B are excluded from donating blood. However, an increasing number of Swedish citizens are born to immigrants from endemic areas.
The incidence of infection among already established blood donors was estimated from the prevalence in Swedes and was based on the assumption that the risk of acquiring infection mainly occurs after age 15. With an assumed mean age of blood donors of 35 years, the cumulative incidence of 1/100 000 reflects 20 years of exposure to sexual transmission for each donor. This provides a risk of seroconversion among regular donors of about one in 4 million donations; this is similar to the risk found in France. 21 In the cost effectiveness analysis the risk of transmission from a positive donor to a recipient was assumed to be 15% for each transfusion. This was based on findings both in the retrospective study and in other published data as discussed above. 10 15 16 A risk of 30% would obviously reduce the costs by half.
We assumed that adult T cell leukaemia/ lymphoma is always fatal. The incubation time from infection to the development of clinical disease and death is normally more than 30 years. Only 10% of those patients who received transfusions in our pilot study in 1992 were likely to have lived for more than 30 years after transfusion. In our analysis, the risk of developing adult T cell leukaemia/lymphoma as a result of transfusion was therefore low and even this low risk may represent an overestimate, since it is possible that the development of adult T cell leukaemia/ lymphoma may be associated only with infection in childhood or infancy. 10 Complications occurring secondary to tropical spastic paraparesis may cause premature death but no data are available to quantify this risk and we have therefore not included mortality from tropical spastic paraparesis in our analysis.
It is not feasible to selectively screen only blood donations intended for specific groups of patients, such as pregnant women and children, although this might eliminate most of the deaths caused by transmission by transfusion. It might be more practical to improve filtration so that more leucocytes were removed from all blood components intended for use in pregnant women or children; this might further decrease the risk of transmission.
In our analysis the costs of preventing one transmission when only new donors were screened was $440 000 (£275 000). According to the findings of another study the costs in the United Kingdom would be about one tenth the costs in the United States ($47 000; £29 375), 27 while in France the costs were estimated to vary from 1.3m French francs ($200 000; £125 000) in the first year of screening to 5.7m French francs ($900 000; £563 000) in the third year of screening. 20 The differences in costs between our study and the others 19 27 reflect several differences in calculations. The two studies did not account for the benefits of excluding donors who test positive from donating in the future. The findings from the United Kingdom are based on only the first year of screening and the French study is based on screening all donations. The studies also do not report on the survival rates of patients who received transfusions from donors who tested positive so they do not include comparable information on the prevention of morbidity and mortality.
Healthcare policy
Decisions on healthcare policy, as with many other decisions in society, are often taken in part as a result of an analysis of the cost effectiveness of different activities. In most healthcare systems there has been a reluctance to consider life and health in purely economic terms. Generally, however, insurance companies and traffic planning authorities are already dependent on such evaluations. In Sweden, the mean cost to society for a person killed in a traffic accident has been estimated to be about $1.4m (£875 000) 28 The mean cost in seven other countries in western Europe was found to be similar at about $1.5m (£937 500). 28 These estimates may form the basis for decisions on allocations of resources, for example the costs of the prevention of fatal car accidents. In Sweden the cost of saving one life if only new blood donors are screened for the human T cell leukaemia/lymphoma virus is 35 times higher than the value of the life of a person killed in a traffic accident.
Another way to estimate the value of a life is to determine how much the public is willing to pay to avoid a certain risk. In Britain the cost to society of a person killed in a car accident was found to be less than the cost to society of a person killed in a train accident. 29 This discrepancy occurred because people were assumed to have less personal control when travelling by train as opposed to travelling by car. In the case of a transfusion then the recipient may be assumed to have an almost total lack of control. Thus, a relatively high cost for saving each life may therefore be reasonable.
The HIV epidemic has increased society's awareness of bloodborne infections and raised concern over their prevention. Swedish society seems prepared to allocate considerable resources to decrease risks and increase benefits. However there are limits to a society's resources and ultimately a political decision will be made; this decision should be based on sound calculations. In our analysis the older age of most transfusion recipients, the long incubation time of adult T cell leukaemia/lymphoma, and the low risk of developing clinical disease from infection with the virus strongly affected the benefits of screening. Thus, although the incremental costs for testing all blood donations were considered to be too high, not testing at all was considered unethical.
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